120 Sn and 208 Pb at zero and finite temperatures are calculated within Thomas-Fermi approximation by employing the microscopic in-medium cross-sections of Li and Machleidt and the phenomenological Skyrme and Gogny forces, and are compared with each other. The results for the collisional widths of giant monopole and quadrupole vibrations at zero temperature as a function of the mass number show that the collisional damping of giant monopole vibrations accounts for about 30 − 40% of the observed widths at zero temperature, while for giant quadrupole vibrations it accounts for only 20 − 30% of the observed widths at zero temperature. Nuclear collective vibrations built on the ground state and on the excited states of the nucleus have been studied extensively during the last several years both theoretically and experimentally [1]. On the theoretical side, much effort has been devoted to understand the damping properties of giant dipole excitations at zero and finite temperatures. In medium-weight and heavy nuclei at relatively low temperatures the damping results mostly from the spreading width Γ ↓ which is due to mixing of the collective state with the nearby more complex doorway states [2-4]. There are essentially two different approaches for calculation of the spreading widths: i) coherent mechanism due to coupling with low-lying surface modes which provides an important mechanism for damping of giant resonance in particular at low temperatures [5][6][7][8], ii) damping due to the coupling with incoherent 2p-2h states which is usually referred to as the collisional damping [9][10][11][12], and the Landau damping modified by two-body collisions [13][14][15]. The investigations carried out on the basis of these approaches have been partially successful in explaining the broadening of the giant dipole resonance with increasing temperature. In this work, we do not consider the coherent contribution to damping, but investigate the collisional damping of isoscalar giant monopole and isoscalar giant quadrupole resonances at zero and finite temperatures due to decay of the collective state into incoherent 2p-2h excitations in the basis of a semi-classical non-Markovian transport approach. In this approach, the collisional term a e-mail: oyilmaz@metu.edu.tr involves two-body transition rates which can be expressed in terms of the in-medium scattering cross-sections [10]. Therefore, in order to assess the contribution of collisional damping to the total width of giant resonance excitations, we need realistic in-medium cross-sections which correctly interpolate between the free space and the medium. In previous investigations, the contributions of spreading width resulting from the decay of the collective state into incoherent 2p-2h states have been estimated by employing either free nucleon-nucleon cross-sections or an effective Skyrme force [9,10]. However, Skyrme force at most can provide a semiquantitative description of the collisional damping since it provides a poor approximation in the collisional term, because in the vicinity of nuclear surface it does not match at all to the free nucleon-nucleon cross-sections. In a recent work, we calculated the collisional damping width of the giant dipole excitations by employing the microscopic in-medium cross-sections of Li and Machleidt [16], which interpolate correctly between the free space and the medium and provide the best available input for determining the magnitude of the collisional damping [17]. In the present work, we extend this analysis to the study of the collisional damping widths of giant monopole and quadrupole excitations by employing the microscopic in-medium cross-sections of Li and Machleidt and phenomenological Skyrme and Gogny forces.
Nuclear collective vibrations built on the ground state and on the excited states of the nucleus have been studied extensively during the last several years both theoretically and experimentally [1] . On the theoretical side, much effort has been devoted to understand the damping properties of giant dipole excitations at zero and finite temperatures. In medium-weight and heavy nuclei at relatively low temperatures the damping results mostly from the spreading width Γ ↓ which is due to mixing of the collective state with the nearby more complex doorway states [2-4]. There are essentially two different approaches for calculation of the spreading widths: i) coherent mechanism due to coupling with low-lying surface modes which provides an important mechanism for damping of giant resonance in particular at low temperatures [5] [6] [7] [8] , ii) damping due to the coupling with incoherent 2p-2h states which is usually referred to as the collisional damping [9] [10] [11] [12] , and the Landau damping modified by two-body collisions [13] [14] [15] . The investigations carried out on the basis of these approaches have been partially successful in explaining the broadening of the giant dipole resonance with increasing temperature. In this work, we do not consider the coherent contribution to damping, but investigate the collisional damping of isoscalar giant monopole and isoscalar giant quadrupole resonances at zero and finite temperatures due to decay of the collective state into incoherent 2p-2h excitations in the basis of a semi-classical non-Markovian transport approach. In this approach, the collisional term a e-mail: oyilmaz@metu.edu.tr involves two-body transition rates which can be expressed in terms of the in-medium scattering cross-sections [10] . Therefore, in order to assess the contribution of collisional damping to the total width of giant resonance excitations, we need realistic in-medium cross-sections which correctly interpolate between the free space and the medium. In previous investigations, the contributions of spreading width resulting from the decay of the collective state into incoherent 2p-2h states have been estimated by employing either free nucleon-nucleon cross-sections or an effective Skyrme force [9, 10] . However, Skyrme force at most can provide a semiquantitative description of the collisional damping since it provides a poor approximation in the collisional term, because in the vicinity of nuclear surface it does not match at all to the free nucleon-nucleon cross-sections. In a recent work, we calculated the collisional damping width of the giant dipole excitations by employing the microscopic in-medium cross-sections of Li and Machleidt [16] , which interpolate correctly between the free space and the medium and provide the best available input for determining the magnitude of the collisional damping [17] . In the present work, we extend this analysis to the study of the collisional damping widths of giant monopole and quadrupole excitations by employing the microscopic in-medium cross-sections of Li and Machleidt and phenomenological Skyrme and Gogny forces.
We study the collective vibrations in the small amplitude limit of the extended TDHF theory in which damping resulting from the coupling of the collective state to incoherent 2p-2h states is included in the form of a non- Markovian collision term [18, 19] . In the Hartree-Fock representation, the Fourier transform of the self-energy of collective modes due to coupling with the incoherent 2p-2h states is given by
where O † λ is the collective operator associated with the RPA mode λ, v is the effective interaction that couples the ph-space with 2p-2h configurations,n i = 1 − n i , ∆ = i + j − k − l , and η is a small positive number [10] . The real and imaginary parts of the self-energy,
, determine the energy shift and the damping width of the collective excitation, respectively [3] .
We evaluate the expression for the self-energy in the Thomas-Fermi approximation, which corresponds to the semi-classical transport description of the collective vibrations. In Thomas-Fermi approximation the self-energy of the collective modes can be deduced from the quantal expression (1) by replacing the occupation numbers n i with the equilibrium phase-space density given by the FermiDirac function as
with µ denoting the chemical potential, and summations over the 2p-2h states with integrals over phase-space, Σ → drdp 1 dp 2 dp 3 dp 4 [10, 20] . Furthermore, spin-isospin effects in collective vibration can be incorporated into the treatment by considering proton and neutron degrees of freedom separately. Observing that in isoscalar modes protons and neutrons vibrate in phase, in Thomas-Fermi approximation the collisional widths of isoscalar modes can be expressed as [10]
drdp 1 dp 2 dp 3 dp
where
/ ω λ , and χ λ (t) denotes the distortion factor of the phase-space density δf (t) = χ λ (t)(−∂f /∂ ) in the corresponding mode. In this expression, two-body transition rates W pp , W nn and W pn associated with protonproton, neutron-neutron and proton-neutron collisions are given in terms of the corresponding scattering crosssections 
